High density lipoprotein (HDL) cholesterol is a sensitive index for coronary disease in affluent societies. We have measured plasma apoprotein A-l levels (the major HDL protein) in randomly selected groups of urban and rural Fijian Melanesians and Indians. Despite higher prevalence rates of coronary disease and diabetes mellitus in Indians, Indian men and women had significantly higher A-l levels than Melanesian men and women. Multivariate analysis was carried out separately in all men and women of both races and also in younger men and women (less than 45 years old) to determine the predictive values of seven variables that might influence A-l levels. These variables accounted for about 16% of the A-l variation and of this more than one-half was due to ethnic origin. The remainder was largely due to three environmental factors: urbanization, alcohol consumption, and physical activity. Men and women aged 20 to 44 years had significantly higher A-l levels in the town than in villages; alcohol drinkers had significantly higher A-l levels than nondrinkers, and in women physical inactivity resulted in significantly lower A-l levels. Age, smoking cigarettes, and body mass index did not contribute to the differences in A-l levels between the two races, despite less smoking and overweight among Indians. This study of a biracial population, that shares a similar environment but differs in cultural habits, has demonstrated the operation of genetic and environmental factors that explain a minor proportion of apoprotein A-l variability. 
surveys of populations with relatively little CHD, HDL concentrations have been low, notably among Mexican Indians 5 and in several groups of South Pacific Islanders. 6 However, among the latter we have observed a rise in HDL with urbanization: the concentration of plasma apoprotein A-l (the major HDL protein) for rural Western Samoan men was 94 mg/dl and for urban men 117 mg/dl 6 compared to 120 ± 20 mg/dl for a group of men in Melbourne. 7 In two other rural populations on the island of Ouvea (Loyalty Islands) we found average apo A-l levels of 94 mg/dl for Melanesian men and 91 mg/dl for Polynesian men; 6 these are low when compared with values reported from industrialized countries. 7 These findings suggested that environmental factors associated with urbanization were important determinants of HDL concentrations prevailing in affluent countries. These factors may include an increase in consumption of alcohol 8 and of fat 9 which raise HDL levels, although decreased physical activity might be expected to lower HDL. 10 In a recent survey in Fiji, the possible influence of these factors was evaluated more closely in the two major ethnic groups and the findings are reported in this paper.
Methods
The two major ethnic groups in Fiji are Melanesians and Indians. The prevalence rates for coronary heart disease are known to be significantly higher among the Indians, 1112 possibly due to the greater prevalence of diabetes mellitus. 13 ' 14 During a 6-week period in 1980, a survey was conducted of urbanized Fijians (Melanesians and Indians) in the city of Suva, and of rural Melanesians and Indians in the Sigatoka Valley. Approximately 90% of those selected at random responded, resulting in 477 rural Melanesians, 452 rural Indians, 861 urban Melanesians, and 848 urban Indians. The people tested reflected the age structure of the entire population as obtained from the national census, and men and women were equally represented. 15 Samples of blood were taken from fasting subjects and the plasma was frozen to -20°C; 12-lead electrocardiograms were recorded in subjects aged 30 to 69; a 2-hour 75 g glucose tolerance test was carried out, and information was obtained about alcohol intake, cigarette smoking, occupation, and physical activity; the measurements taken included blood pressure, height, and weight. 15 A detailed nutrition survey was also carried out (by H.R.) on random subgroups of the four populations. (This will be published in detail elsewhere; reported here are the estimated values for total energy intake and the consumption of protein, fat, and carbohydrate.) The adjusted 24-hour recall method was used as successfully used before. 16 Interviews were conducted in the homes whenever possible so that household measures and the identification and preparation of foodstuffs could be checked.
Plasma apoprotein A-l concentrations were measured by electroimmunoassay 17 of frozen plasma obtained from subjects who took part in the nutrition survey. Apoprotein A-l measurements were preferred to those of HDL cholesterol because the latter appear to be affected by storage. 18 Laboratory analyses were made 6 months after collection. The age characteristics of the subsample of the population that was included in this part of the study is shown in Table 1 . The age distribution was well matched across the two racial groups and between villagers and town-dwellers. The sample consisted of 113 rural Indians, 108 urban Indians, 113 rural Melanesians, and 159 urban Melanesians. The proportions of men and women in each of the groups were also well matched (Table 2 ) with the exception of urban Indian women aged 20 to 44 years who were slightly overrepresented.
Results
Apoprotein A-l concentrations for the subsample tested are shown in Table 2 . Data are presented separately for Indians and Melanesians, for those from rural and urban communities, and for men and women. The decision to divide each sample into two Both sexes are combined. Men and women were almost equally represented except among rural and urban Indians where the 20-to 44-year-old group contained a preponderance of women.
age distributions was made primarily because lipoprotein lipids are affected by the menopause in Caucasian women. The possibility that younger men and women may be more likely than their elders to adopt new living habits in the towns was a further consideration. That this might be so is suggested by A-l levels that were higher in younger urban men than in rural men in both races (p < 0.05 for Indians and for Melanesians). Urban-rural differences were not seen in women or In men over 45 years of age. The increased A-l concentrations in young urban males were significantly higher than those in young urban women (p < 0.05 for Indians and for Melanesians). That this effect of urbanization might be partly due to increased alcohol consumption is suggested by data for the whole group shown in Table 3 . Drinkers were defined as those having at least two drinking "bouts" each week. Apoprotein A-l concentrations were significantly higher among the drinkers than among the nondrinkers only in the town dwellers (p < 0.05 in 
'Significantly higher in younger urban men than in women (p < 0.05 in Indians and Melanesians).
tSigniflcantly higher in younger urban men than in rural men (p < 0.05 for Melanesians and Indians).
Significantly (p < 0.05) higher in older than in younger urban Indian women. Indians and p < 0.01 in Melanesians). There were proportionately more drinkers among the town dwellers than among the villagers.
Ethnic differences were also striking (Table 4) ; Indians of both sexes had higher A-l levels than Melanesians both in the villages and in town. This could be partly due to differences in the degree of obesity. Body mass indices were signifiantly higher in Melanesians of both sexes, both in the villages and in 
'Significantly higher in rural Indians than in rural Melanesians (p < 0.01 for men and p < 0.001 for women). tSignificantly higher in urban Indians than in urban Melanesians (p < 0.05 for men and p < 0.001 for women).
Significantly higher (p < 0.01) in urban Melanesian men than in urban Melanesian women. .0±6.8t$ 'Significantly higher in rural Melanesians than in rural Indians (p < 0.001 for men and for women).
tSignificantly higher in urban Melanesians than in urban Indians (p < 0.001 for men and for women).
Significantly (p < 0.01) higher in urban Melanesian women than men. town (Table 5 ). The racial difference could not be explained by differences in alcohol intake, as drinking was more common among Melanesians.
The racial differences in A-l levels were not clearly influenced by nutritional factors (Table 6 ) with one possible exception. Indian urban dwellers of both sexes appeared to have higher energy intakes than their Melanesian counterparts and since they were also leaner, energy expenditure and hence, presumably, physical activity were clearly greater in the Indians. The higher A-l concentrations among urban Indians might therefore reflect greater activity and less obesity. One urban-rural difference in nutrient intake which may have been relevant, was the proportion of energy derived from fat at the expense of carbohydrate which rose in all four urban subsamples.
Cigarette smoking was more prevalent among the Melanesians than among the Indians. Of the 221 Indians in the survey, 60 (27.1%) smoked, compared to 143 (52.6%) of the 272 Melanesians (p < 0.05). However, the majority of smokers used fewer than 20 cigarettes daily. There were no significant differences in the proportions of smokers and nonsmokers between rural and urban Indians or Melanesians.
Analysis of the physical activity questionnaire, which evaluated activity in four modalities, did not show significant differences in mean apoprotein A-l concentrations for the four physical activity scores. However as will be shown later, there was an effect of physical activity on multivariate analysis.
These preliminary analyses suggested that ethnic origin, urbanization (other than in older people), ethanol intake, body mass index, and smoking of cigarettes accounted for some of the variability in apoprotein A-l. Clearly, a number of these factors were interrelated and required further analysis. Both uni- 
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Of the 510 subjects surveyed for nutrient intake, apoprotein A-l concentrations were measured in 493. variate and multivariate analysis was therefore carried out, incorporating the above factors, as well as age (20 to 34 years, 35 to 54 years, and over 55 years) and physical activity, separately for men and for women. Using apoprotein A-l as the dependent variable, we tested the possible predictor variables shown in Tables 7 and 8 . The nutritional data was omitted because the methodology, while appropriate for assessing groups, is regarded as unsuitable for individual assessment. Since women drank alcohol infrequently, this factor was omitted from analysis.
For subjects of all ages (Table 7) , ethnic origin was the strongest predictor as suggested previously (Table 4 ). For men, drinking alcohol was the only other predictor to reach statistical significance; this had also been suggested in the preliminary analysis (Table 5 ). A full model of the seven predictor variables provided a multiple correlation coefficient of 0.31. The significant regression coefficients for women were ethnic origin, physical inactivity (negative), and age (negative). The multiple correlation coefficient for the six variables in women was 0.40. Statistical significance determined by multivariate analysis, using A-l concentration as a dependent variable. NS = not significant.
When the analysis was restricted to those aged 20 to 44 years (Table 8) , the additional significance of region or urbanization (positive) became apparent in both sexes as suggested in the preliminary analysis (Table 2) . Ethnic origin in both sexes was also a significant predictor of A-l. In women, physical inactivity remained negatively correlated and in men, alcohol drinking remained positively correlated with apoprotein A-l. The multiple correlation coefficient for both sexes was 0.37 suggesting that about 16% of the apoprotein A-l variability might be explained by the six to seven variables. Of these, ethnic origin accounted for a little over one-half.
Discussion
The measurements of apoprotein A-l were carried out for two main reasons. First, we wished to determine whether HDL concentrations, defined by A-l levels, would differ between Melanesians and Indians because of the known differences in CHD prevalence. Second, we wanted to exploit the expected increase in A-l concentration with urbanization that our data from Western Samoa had demonstrated 6 in order to define certain environmental factors that might have characterized that change.
Although the Indian population in Fiji has been consistently shown to be more susceptible to CHD than the Melanesians of Fiji, 1112 the A-l data does not bear out the experience of affluent Caucasian populations. Indians of both sexes, in villages and in town, had significantly higher A-l levels despite their higher susceptibility to CHD. In the entire surveyed population from which this subsample was drawn, electrocardiograph abnormalities suggestive of CHD, such as Q and QS patterns and major ST abnormalities, were twice as common among the Indians. 15 We have previously reported 6 that other South Pacific Islanders have lower A-l levels than are found in Australia 7 and the United States 4 where CHD is more common. However, it should be noted that the number of subjects with probable CHD in the present subsample was too small to define a possible relationship between prevalence of CHD and plasma apoprotein A-l concentration. It is also possible that the cholesterol and apoprotein components of HDL do not relate equally to the risk of CHD. Although the two HDL constituents are positively correlated, the evidence linking CHD to low HDL cholesterol levels is more extensive than that linking CHD to low HDL proteins.
Another common disease among Indians in Fiji is diabetes mellitus, which in surveys of Caucasians leads to reduced HDL concentration. 19 Although the crude prevalence of diabetes (fasting venous plasma glucose 3= 140 mg/dl or 2-hour plasma glucose 5s 200 mg/dl) was greater than 13% among the rural and urban Indians (twice the urban and six times the rural prevalence among Melanesians), 14 the A-l concentrations were not in the direction expected from findings in Caucasians.
We have confirmed our previous observations in Western Samoa 6 that urbanization is associated in people younger than 45 years with an increase in A-l levels that resembles those in industrialized countries (Tables 3, 7, 8 ). The cause is likely to be multifactorial and in Fiji we obtained some evidence that increased alcohol is a factor in men (Tables 7,8 ) and diminished physical activity is a factor in women (Tables 7, 8) . It is possible that the differences in fat-tocarbohydrate intake also influenced the urban-rural difference for A-l concentration (Table 6 ), since a low carbohydrate-to-high fat intake has been shown in other populations to raise HDL concentrations.
9 This could not be tested further in the multivariate analysis.
Diminished physical activity as a significant predictor of reduced A-l levels was confined to women. Although strenuous physical exercise will certainly raise HDL cholesterol and A-l, 1020 diminished activity may be associated with lowered HDL cholesterol levels partly through the development of overweight. Obesity was evident in the urban Melanesian women (Table 5) , although multiple regression analysis failed to show a significant correlation between body mass index and A-l apoprotein. A further factor that might have led to lower A-l concentrations in Melanesians was their greater use of cigarettes which has been reported to reduce HDL cholesterol in Caucasians. 21 However, multiple regression analysis failed to substantiate this as a significant factor. There was a very small, but significant, inverse correlation between age and apoprotein A-l levels in women (Table 7), but the very small regression coefficient suggests that this is of minor biological significance.
It is interesting to note that A-l levels were observed to be higher in younger urban men than in women (Table 2) , which is at variance with findings in affluent Caucasians among whom women have higher HDL levels. 22 However, in a recent report of Samoans, 23 similar mean concentrations of HDL cholesterol were obtained in men and women. There are other known differences in the characteristic age-and sex-related pattern of lipids. Cholesterol concentrations are not higher in men than in women in Fiji, and the changes with age that characterize serum cholesterol levels in Caucasians 22 are not seen in Fiji (Zimmet and Taylor, unpublished observations). The reasons for these differences are not known. However they underline the need for caution in extrapolating from one population to another.
